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Abstract
Background: Despite substantial declines, Ischaemic Heart Disease (IHD) remains the largest
cause of death in Scotland and mortality rates are among the worst in Europe. There is evidence
of strong, persisting regional and socioeconomic inequalities in IHD mortality, with the majority of
such deaths being due to Acute Myocardial Infarction (AMI). We examine the changes in
socioeconomic and geographic inequalities in first AMI events in Scotland and their interactions
with age and gender.
Methods: We used linked hospital discharge and death records covering the Scottish Population
(5.1 million). Risk ratios (RR) of AMI incidence by area deprivation and age for men and women
were estimated using multilevel Poisson modelling. Directly standardised rates were presented
within these stratifications.
Results: During 1990–92 74,213 people had a first AMI event and 56,995 in 2000–02. Adjusting
for area deprivation accounted for 59% of the geographic variability in AMI incidence rates in 1990–
92 and 33% in 2000–02. Geographic inequalities in male incidence reduced; RR for smaller areas
(comparing area on 97.5th centile to 2.5th) reduced from 1.42 to 1.19. This was not true for
women; RR increased from 1.45 to 1.59. The socioeconomic gradient in AMI incidence increased
over time (p-value < 0.001) but this varied by age and gender. The gradient across deprivation
categories for male incidence in 1990–92 was most pronounced at younger ages; RR of AMI in the
most deprived areas compared to the least was 2.6 (95% CI: 1.6–4.3) for those aged 45–59 years
and 1.6 (1.1–2.5) at 60–74 years. This association was also evident in women with even stronger
socioeconomic gradients; RRs for these age groups were 4.4 (3.4–5.5), and 1.9 (1.7–2.2).
Inequalities increased by 2000–02 for both sexes; RR for men aged 45–59 years was 3.3 (3.0–3.6)
and for women was 5.6 (4.1–7.7)
Conclusion: Relative socioeconomic inequalities in AMI incidence have increased and gradients
are steepest in young women. The geographical patterning of AMI incidence cannot be fully
explained by socioeconomic deprivation. The reduction of inequalities in AMI incidence is key to
reducing overall inequalities in mortality and must be a priority if Scotland is to achieve its health
potential.
Published: 11 May 2009
BMC Public Health 2009, 9:134 doi:10.1186/1471-2458-9-134
Received: 22 July 2008
Accepted: 11 May 2009
This article is available from: http://www.biomedcentral.com/1471-2458/9/134
© 2009 Davies et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Public Health 2009, 9:134 http://www.biomedcentral.com/1471-2458/9/134
Page 2 of 10
(page number not for citation purposes)
Background
Ischeamic heart disease (IHD) mortality trends have
fallen in developed countries over recent decades; this is
mainly due to a decrease in disease incidence through
improved primary prevention measures and to a drop in
case fatality reflecting advances in diagnosis, treatment
and secondary prevention[1]. Although downward trends
in IHD mortality have been seen in Scotland [2] these
have been to a lesser extent than in other Western Euro-
pean countries, with the result that Scotland has one of
the worst IHD mortality rates in the region[3]. Scotland
was found to have among the highest rates of fatal and
non-fatal events when comparing the MONICA popula-
tions [4]. However, survival rates from IHD in Scotland
make for a more favourable comparison; results from the
MONICA study showed that 28-day case fatality in Scot-
land was the same as or lower than the average across all
populations. This suggests that high incidence has been
driving Scotland's high IHD mortality.
Incidence rates of acute myocardial infarction (AMI), the
most common form of IHD, have also declined substan-
tially over recent years[2]. This mainly reflects improve-
ments in primary prevention of the disease; for example,
there have been intensive lifestyle interventions to reduce
levels of exposure to risk factors such as smoking[5]. To
bring Scotland's IHD mortality rates to a rate comparable
with other European countries the downward trends in
first time AMI events must continue, ideally at a faster
pace.
Given the Scottish Government's commitment to tackling
inequalities in health[6] and the contribution inequalities
make to overall mortality[7], it is important to explore
whether similar declines in AMI incidence are being expe-
rienced by all population groups within the country. Inci-
dence is an important health indicator when examining
the burden and patterning of a disease; however, to date,
studies in Scotland have mainly focused on various ine-
qualities in cardiovascular death [8-10] or survival[8,11-
13] and treatment[14] of AMI or IHD. Little is known
about social and geographical inequalities in AMI inci-
dence and how they interact with age, gender and time. If
such inequalities in first time AMI events have increased
in Scotland it would suggest that improvements in pri-
mary prevention of the disease have not been experienced
equally by all sections of Scottish society.
Population based studies of AMI incidence are uncom-
mon but Scotland is in the advantageous position of hav-
ing a data system permitting the linkage of information
on hospital admissions with mortality data for the whole
population (5.1 million in 2001[2]). The aim of this work
is to use these data to examine the changes in socioeco-
nomic and geographic inequalities in incidence of AMI in
Scotland between 1990–92 and 2000–02 and to explore
how these inequalities interact with age and gender.
Methods
Data
The data were obtained from the Scottish system of linked
hospital discharge records. These were provided by the
Information Services Division, NHS National Services
Scotland, following successful application to their Privacy
Advisory Committee. The Information and Services Divi-
sion routinely links multiple hospital discharges for the
same individual and links hospital discharges to mortality
data provided by the General Register Office for Scot-
land[15]. Such data permit the identification of patient
careers covering more than one spell of hospital care. We
used these data to identify all IHD events – hospital dis-
charges or deaths – in Scotland between 1981 and 2004.
Our interest was to examine the patterning of AMI inci-
dence, this being the main form of IHD. We defined AMI
incidence as a first time attack within a 7 year period with
AMI (ICD9: 410, ICD10: I21–I22) as the primary or sec-
ondary diagnosis at discharge or as the underlying or con-
tributory cause of death, or with other IHD (ICD9:410–
414; ICD10: I20–I25) as the underlying cause of
death[16]. This definition of AMI incidence includes both
AMI events and IHD deaths; on the death certificate AMI
deaths may be coded as other forms of IHD therefore the
inclusion of this group means we are less likely to miss
any AMI deaths which were incident events. Our data pro-
vide information on 1,035,692 IHD events between 1981
and 2004. The linkage from 1981 enabled us to identify
retrospectively individuals aged over 29 years who had
had an incident AMI event (i.e. for whom there was no
hospital admission with a primary diagnosis of AMI in the
previous 7 years) between 1988 and 2004, giving a total
of 376,040 incident events. For each individual with an
event we had information on age, sex, postcode and Local
Council Area (LCA) of residence, and on dates of admis-
sion and discharge (for patients admitted to hospital) and
death if it occurred.
Postcode sectors (mean population 5402, range 53–
20,512) were used to allocate individuals into 7 depriva-
tion categories (DEPCATs) using Carstairs scores of socio-
economic deprivation[17,18]. These scores were derived
from measures of overcrowding, male unemployment,
households without a car and low social class at each Cen-
sus (1991 and 2001). Details of the construction of the
score can be found elsewhere[19]. At each Census,
approximately 6% of the Scottish population lived in
areas described as DEPCAT 1 (the least deprived) and 7%
in the most deprived (DEPCAT 7). Since we were depend-
ent on deprivation scores derived from the Censuses we
restricted our comparisons to those years around the Cen-
sus, 1990–92 and 2000–02. We had information onBMC Public Health 2009, 9:134 http://www.biomedcentral.com/1471-2458/9/134
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74,213 AMI incidents in people aged over 29 years in
1990–92 and 56,995 in 2000–02. In 1990–92, 873
patient records (1.2%) had missing postcode information
and were excluded from our analysis; the corresponding
figure for 2000–02 was 437 (0.8%).
Statistical Analysis
We analysed the data using multilevel modelling in
MLwiN [20] to take account of the hierarchical data struc-
ture. Incidence was modelled within a hierarchy of age
and gender groups (a pseudolevel) nested within post-
code sectors within LCAs; the rates for postcode sectors
within the same LCA are likely to be correlated, as are the
rates for age and gender groups within a given postcode
sector. Geographic inequalities were assessed through the
partitioning of the variation in incidence rates to that
attributable to each of postcode sector (n = 1010) and
LCA (n = 32) levels. A larger variance at a given level is
associated with greater geographical inequalities. Risk
ratios comparing a notional geographic unit lying on the
97.5th centile with that of an area lying on the 2.5th cen-
tile were also used to quantify the geographic variation.
Incidence was modelled using Poisson multilevel regres-
sion[21] and we adjusted for age, gender and deprivation
category (DEPCAT 1-least: DEPCAT 7-most) and first and
second order interactions between these. Risk ratios from
these models were used to assess the relative socioeco-
nomic inequalities by age and gender. The ratios compare
rates in each DEPCAT to DEPCAT 1 (the least deprived
areas). Relative inequalities are often affected by the size
of the underlying rates therefore we also present directly
standardised rates. These are shown for each age, gender
and DEPCAT stratification allowing exploration of abso-
lute inequalities (the difference between rates in the most
and least deprived areas).
Results
Differences by age, sex, deprivation and time
Table 1 shows the total population, the number of inci-
dent events and age standardised incidence rates for each
year group stratified by sex, age and deprivation group. In
1990–92 the rate was 690 per 100,000; this decreased by
30% to 481 per 100,000 by 2000–02. There was an asso-
ciation between incidence rates and each of sex, age and
deprivation at both time points as shown by the p-values
obtained from univariable models. Risk ratios (RRs) and
95% confidence intervals are also presented for each fac-
tor and all differ significantly from one. For example, in
2000–02, women were 31% less likely to have a first AMI
than men (RR = 0.69; 95% C.I. 0.67–0.70), those aged
45–59 years old were six times as likely to have a first AMI
as people aged 30–44 years (RR = 6.01; 95% C.I. 5.70–
6.34) and those living in the most deprived areas were
94% more likely to have a first AMI than those in the least
deprived areas (RR = 1.94; 95% C.I. 1.76–2.15).
The tables and figures presented in this paper show results
stratified by year (1990–90 and 2000–02); however, to
explore the interaction between year and deprivation we
modelled the unstratified data. This interaction coefficient
was significant (p-value < 0.001) and positive which sug-
gests that the socioeconomic gradient in AMI incidence
increased over time.
Geographic variations
Table 2 presents the results from fitting three multilevel
models for 1990–92 and 2000–02 separately. The full
model includes the fixed effects of sex, deprivation cate-
gory and age group, and each first and second order inter-
action. For 1990–92, the p-value for the interaction
between the three fixed effects was highly significant (p <
0.001) suggesting that the deprivation inequalities in AMI
incidence differed between age groups and that this rela-
tionship differed for men and women. Separate models
were fitted for each sex and within each model the inter-
action between DEPCAT and age group was highly signif-
icant (p < 0.001). A similar picture was evident for 2000–
02. Exploring the random effects showed that for men in
1990–92 around half (51%) of the area variation in AMI
incidence rates in Scotland was due to differences between
the larger geographical areas (LCAs). By 2000–02 this pro-
portion had increased slightly to 55%. For women, there
was less regional patterning in 1990–92 (31% of the area
variation was between LCAs) and, as for men, this parti-
tioning only changed slightly (to 28%) by 2000–02.
An alternative, more meaningful, approach to quantifying
the variance terms at the higher geographical levels in the
model is to calculate a risk ratio which compares a
notional geographic unit lying on the 97.5th centile, say,
with that of an area on the 2.5th centile. These RRs are
given in table 2. For example, in 1990–92, the risk of AMI
incidence among men within a postcode sector lying on
the 97.5th centile in a given LCA is 42% higher than a
postcode sector lying on the 2.5th centile. By 2000–02 the
risk ratio had fallen to 1.19. Similar geographic variation
was evident when comparing larger areas (LCAs) with
extreme AMI incidence rates. In contrast, the RR compar-
ing extreme rates of AMI incidence in women between
postcode sectors increased from 1.45 in 1990–92 to 1.59
in 2000–02. There was also a smaller reduction in geo-
graphic inequalities at the LCA level than was evident for
men (1.28 in 1990–92 and 1.23 in 2000–02).
For each time period models with only age and sex and
models with age, sex and DEPCAT were also fitted; the
estimates from these showed that adjusting for DEPCAT
accounted for 59% of the geographic variation in AMI
incidence in Scotland in 1990–92 and 33% in 2000–02.BMC Public Health 2009, 9:134 http://www.biomedcentral.com/1471-2458/9/134
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Socioeconomic inequalities
In figures 1 and 2 we explore the interaction terms present
in the four models split by year and sex; 1990–92 Men,
2000–02 Men, 1990–92 Women and 2000–02 Women.
Age standardised rates are presented for each age group
and DEPCAT in figure 1. Risk ratios (reference category
DEPCAT 1) and their 95% confidence intervals are also
plotted for each age group and DEPCAT (figure 2). Within
each age group and DEPCAT the risk of AMI incidence is
compared to the risk in the least deprived areas (DEPCAT
1). In 1990–92, AMI incidence rates for men were signifi-
cantly higher in the most deprived areas compared to the
least deprived areas for each age group except the oldest.
The highest relative inequalities were in the youngest age
group where rates in DEPCAT 7 were 3.1 times those in
DEPCAT 1. These inequalities declined as the population
ages. For women during this time period, a similar picture
was apparent. These inequalities were steeper for women;
AMI incidence rates for women aged 30–44 years in DEP-
CAT 7 were 5.0 times those in DEPCAT 1 with the corre-
sponding figure for women aged 45–59 years being 4.4
(compared to 2.6 for men).
Trends in socioeconomic inequalities
Socioeconomic inequalities in AMI incidence in men
increased in each age group between 1990–92 and 2000–
02. Rates in DEPCAT 7 in 2000–02 rose to 3.8 times those
in DEPCAT 1 at ages 30–44 and 3.3 at ages 45–59. The
socioeconomic inequalities in AMI incidence in women
aged 45–59 and 60–74 years in 2000–02 were again
steeper than for men. There was also an increase in ine-
Table 1: Baseline characteristics of population and AMI incidence in 1990–92 and 2000–02 and univariable model results
Population (%) Incidence (%) Std Rate† p-value RR 95% CI
1990–92
All incidents 8921481 74213 690
Gender <0.0001
Men (ref) 4141974 (46) 41151 (55) 970 1.00
Women 4779507 (54) 33062 (45) 474 0.69 0.68, 0.70
Age (years) <0.0001
30–44 (ref) 3263541 (37) 1874 (3) 59 1.00
45–59 2557551 (29) 11384 (15) 441 7.73 7.36, 8.12
60–74 2117613 (24) 29660 (40) 1370 24.3 23.2, 25.4
75+ 982776 (11) 31295 (42) 3213 55.7 53.1, 58.3
Deprivation <0.0001
1 – least (ref) 565935 (6) 3294 (4) 513 1.00
2 1264680 (14) 8917 (12) 572 1.21 1.12, 1.31
3 1992501 (22) 15754 (21) 635 1.36 1.26, 1.46
4 2264034 (25) 19087 (26) 696 1.47 1.37, 1.59
5 1304034 (15) 12101 (16) 769 1.60 1.48, 1.73
6 978408 (11) 9461 (13) 807 1.63 1.50, 1.78
7 – most 551889 (6) 5599 (8) 881 1.74 1.58, 1.92
2000–02
All incidents 9618498 56995 481
Gender <0.0001
Men (ref) 4486074 (47) 31847 (56) 673 1.00
Women 5132424 (53) 25148 (44) 325 0.69 0.67, 0.70
Age (years) <0.0001
30–44 (ref) 3488874 (36) 1616 (3) 47 1.00
45–59 2929725 (30) 8079 (14) 276 6.01 5.70, 6.34
60–74 2123298 (22) 19574 (34) 891 20.0 19.9, 21.0
75+ 1076601 (11) 27726 (49) 2550 56.3 53.5, 59.2
Deprivation <0.0001
1 – least (ref) 612279 (6) 2570 (5) 335 1.00
2 1372263 (14) 6504 (11) 370 1.14 1.05, 1.23
3 2154495 (22) 11927 (21) 435 1.35 1.26, 1.46
4 2423592 (25) 14393 (25) 487 1.46 1.35, 1.57
5 1387467 (14) 9404 (16) 554 1.64 1.51, 1.77
6 1063713 (11) 7548 (13) 579 1.72 1.58, 1.87
7 – most 604689 (6) 4649 (8) 674 1.94 1.76, 2.15
† Age standardised rates (per 100,000)BMC Public Health 2009, 9:134 http://www.biomedcentral.com/1471-2458/9/134
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qualities over time for women aged 45–59 and 60–74
years, with RRs increasing to 5.6 and 2.6 respectively.
Relative inequalities were greatest at younger ages for both
sexes and there was a suggestion that these increased over
time. Unsurprisingly, absolute inequalities (figure 1) were
greater in the older ages where there were many more
events. For men in 1990–92, the differences between the
age standardised rates in the most and the least deprived
areas were 129, 563, 873 and 629 events for 30–44, 45–
59, 60–74 and 75+ years respectively. Decreases were not
evident in all age groups by 2000–02; the differences in
the respective age categories were 104, 492, 934 and 614.
The decreases in absolute differences were small consider-
ing the large overall drop in AMI incidence during this
period. For women in 1990–92 the absolute differences
between the most and least deprived areas were 38, 314,
573 and 615, respectively. Again, there were modest
decreases in the differences by 2000–02; the correspond-
ing figures were 37, 215, 558 and 567.
Discussion
This is the largest population based study to explore
trends and inequalities in AMI incidence and their inter-
Table 2: Poisson multilevel model results exploring socioeconomic interactions with age and gender, and geographic variations in AMI 
incidence rates
1990–92 2000–02
Model Estimate p-value ICC† RR‡ Estimate p-value ICC† RR‡
Full
Fixed
Gender <0.001 0.001
DEPCAT <0.001 <0.001
Age <0.001 <0.001
Gender*DEPCAT <0.001 0.027
Gender*Age <0.001 <0.001
DEPCAT*Age <0.001 <0.001
Gender*DEPCAT*Age <0.001 0.005
Random
Council Area 0.003 0.003 0.29 1.24 0.002 0.001 0.38 1.19
Postcode Sector 0.007 <0.001 0.71 1.39 0.001 <0.001 0.62 1.13
Age/Sex group 1 1
Men
Fixed
DEPCAT <0.001 <0.001
Age <0.001 <0.001
DEPCAT*Age <0.001 <0.001
Random
Council Area 0.008 0.001 0.51 1.42 0.002 0.002 0.55 1.19
Postcode Sector 0.008 <0.001 0.49 1.42 0.002 <0.001 0.45 1.19
Age/Sex group 1 1
Women
Fixed
DEPCAT <0.0001 <0.001
Age <0.0001 <0.001
DEPCAT*Age <0.0001 <0.001
Random
Council Area 0.004 0.007 0.31 1.28 0.003 0.005 0.28 1.23
Postcode Sector 0.009 <0.001 0.69 1.45 0.014 <0.001 0.72 1.59
Age/Sex group 1 1
† The Intraclass Correlation Coefficient (ICC) is the percentage of unexplained residual variance attributable to each higher level in the model.
‡ The Risk Ratio (RR) given at the higher level of local council area (LCA) compares the risk of incidence in a notional LCA lying on the 97.5th centile 
with a LCA on the 2.5th centile. The RR at the postcode sector (PS) level compares the risk of incidence in a notional PS (within a given LCA) lying 
on the 97.5th centile with a PS (within the same LCA) on the 2.5th centile.
Note that coefficient estimates are not given for the fixed effects as these consist of numerous dummy variables.BMC Public Health 2009, 9:134 http://www.biomedcentral.com/1471-2458/9/134
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action with age and gender. Other studies have explored
the associations between deprivation and IHD incidence
[22-25], the largest of which examined 52,360 individuals
who developed IHD (from a study of 2.6 million men and
women)[24]. These studies found socioeconomic gradi-
ents in incidence but did not report interactions with age
and gender or unexplained geographical variation. Within
Scotland, most work investigating IHD or AMI to date has
focused mainly on mortality [8-10] and case fatality or
survival patterns[8,9,11,26].
We have shown that AMI incidence rates have decreased
substantially over recent decades; such decreases are likely
to be due to improvements in primary prevention of the
disease[27,28]. Male incidence rates for those aged 30–44
years old have decreased by 23%, the corresponding rates
for those ages 45–59, 60–74 and 75+ years were 37%,
39% and 28%. The figures for women were 5%, 45%,
40% and 25%. IHD mortality also fell more sharply for
women aged 45–59 during this time period [10]; mortal-
ity rates for men decreased by 44% whilst the rate for
women fell by 51%. At older ages the declines were com-
parable: 44% and 46% respectively for men and women
aged 60–74 and 27% and 25% at ages 75+. Although
comparing two slightly different disease groups – AMI
incidence with IHD mortality – there is a suggestion that
there has been a steeper downward trend from 1990–92
to 2000–02 in mortality than incidence. This could partly
be due to the increasing use of more sensitive enzyme
diagnostic testing, in particular troponin, from the begin-
ning of the current decade resulting in higher hospitalisa-
tion rates[29]. More up-to-date data are needed to explore
the true effect of troponin on AMI incidence patterning.
Regardless of this, reducing the incidence of AMI will have
a substantial impact on mortality and, consequently, help
reduce the rates in Scotland to a level that is comparable
with the rest of Europe.
We have shown that socioeconomic deprivation has a
marked effect on the risk of having a first AMI. Relative
inequalities across Scotland are steepest in the youngest
age groups and most pronounced in young women. Other
work looking at IHD mortality has shown that, despite
large reductions in rates, there remain strong socioeco-
nomic variations in the disease[30,31]. The steepest ine-
qualities were again found in the 45–59 year old age
group in 2000–02 but, contrary to our findings for AMI
incidence, these inequalities were higher in men than
women[31]. Studies which have examined short-term
AMI case fatality have frequently shown stronger inequal-
ities in the young and in particular women[13,32-35].
During the 10-year period under investigation in this
paper, inequalities increased with the steepest changes
Age standardised AMI incidence rates by year, gender, age and deprivation Figure 1
Age standardised AMI incidence rates by year, gender, age and deprivation. Rates are directly age standardised to 
the European standard population and presented per 100,000 population.BMC Public Health 2009, 9:134 http://www.biomedcentral.com/1471-2458/9/134
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being seen in the younger age groups (under 60). Increas-
ing inequalities are likely to be due to higher levels of
exposure of young people in deprived areas to risk factors
such as smoking. In Scotland, in both men and women,
cigarette smoking prevalence is highest in the 25–34 age
group (39% of men and 35% of women), followed by
those aged 35–44 years (34% of men and 33% of
women)[36]. Between 1995 and 2002 there was a small
decrease in the proportion of men aged 16–64 years who
smoked (34% to 31%) [37-39] with a comparable
decrease for women (36% to 32%). The number of ciga-
rettes smoked per day is significantly associated with dep-
rivation for both sexes with a steeper gradient for women
than for men[36], echoing the association between AMI
incidence and area deprivation. In 2001, 70% of smokers
were in lower socioeconomic groups[37]. Capewell et
al[40] quantified the extent to which the fall in IHD mor-
tality in Scotland was attributable to risk factor changes
(and how much to medical and surgical treatment). They
suggested that 51% of the reduction in mortality over a 20
year period was due to risk factor modifications. This
reduction in mortality will largely be due to a reduction in
incident events of the disease. They further estimated that,
of this 51% reduction, smoking accounted for 36%, a sec-
ular fall in blood pressure and cholesterol reduction each
contributed 6% and 3% was due to deprivation (suscepti-
ble to confounding by smoking, diet and blood pressure
changes). Therefore trends and inequalities in smoking
habits are likely to explain a large part of the changes in
AMI incidence in Scotland over time.
Other traditional risk factors such as diet, physical inactiv-
ity, overweight, hypertension or cholesterol [5] may also
contribute to the changing patterns of AMI incidence, but
to a lesser extent than smoking. For example, there have
been substantial increases in obesity, which is associated
with diet and physical inactivity, in more deprived areas
in Scotland over recent years, with higher rates in
women[36]. Also, diabetes rates, which are associated
with obesity levels, have increased in Scotland and are
associated with deprivation with a suggestion of a
stronger gradient in women[36]. Findings from an Eng-
lish cohort study [41], which examined whether depriva-
tion status had an influence on changes in cardiovascular
risk factors in middle-aged (35–55 years) men and
women, suggested that there had been a widening depri-
vation gap in populations with high blood pressure. If the
same were true in Scotland this could also contribute to
the increasing inequalities in AMI incidence. That study
also found no association between deprivation and
Socioeconomic gradients in AMI incidence rates by year, gender and age Figure 2
Socioeconomic gradients in AMI incidence rates by year, gender and age. Risk ratios and their 95% confidence inter-
vals compare AMI incidence rates in each DEPCAT to DEPCAT 1 (reference category). DEPCAT 1 are the least deprived 
areas, DEPCAT 7 the most deprived.BMC Public Health 2009, 9:134 http://www.biomedcentral.com/1471-2458/9/134
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change in cholesterol, and, perhaps somewhat surpris-
ingly, a narrowing of inequalities in smoking in women.
Other research has concluded that there is a narrowing of
socioeconomic inequalities in high blood pressure rates
in men, and in high body mass index and cholesterol in
both sexes and a widening of inequalities in high blood
pressure in women and smoking in both sexes [42]. All
such findings suggest that the relationship between cardi-
ovascular risk factors and deprivation is complex and var-
ies across sex, age and geographical groups. Further work
within Scotland examining the relationship between such
risk factors and AMI incidence will be important in devel-
oping our understanding of inequalities.
Another factor contributing to the inequalities in AMI
incidence might be variations in follow-up contact rates
with general practitioners (GP) following a diagnosis of
angina. It is well known that patients often undergo epi-
sodes of unstable or stable angina prior to their first
AMI[43] and that young deprived patients (and in partic-
ular women) with angina have less frequent follow-up
contacts with their GP. For example, one year GP contact
rates in Scotland in 2001–02 for angina were higher in
men than women, were extremely low in patients under
45 years and declined significantly with increasing socio-
economic deprivation[44]; these factors may all contrib-
ute to the inequalities reported here. Although reducing
exposure to risk factors is an important primary preven-
tion strategy in all population groups, greater inequalities
in AMI incidence at younger ages, and in particular among
younger women, would suggest particular emphasis
should be made on these sub-groups.
Much, but not all, of the geographic variation in AMI inci-
dence in Scotland can be explained by a simple measure
of area socioeconomic deprivation. After accounting for
age, sex and deprivation a substantial proportion of the
remaining variation in 2000–02 was attributable to differ-
ences between LCAs, particularly in women, suggesting
strong regional patterning of AMI incidence and warrant-
ing investigation into the likely mechanisms linking area
of residence to occurrence of first AMI events.
It may be misleading to present relative inequalities alone
as these are related to underlying rates and the scale on
which the inequalities are measured[45,46]. For example,
the number of incident AMI events is much higher in
older than younger age groups; therefore, risk ratios (com-
paring affluent to deprived areas) that are as high as in the
younger age groups could only be achieved at older ages if
the absolute differences between affluent and deprived
areas were considerably larger. We have presented age
standardised rates alongside risk ratio comparisons so
that absolute differences can also be considered. Absolute
inequalities (comparing the most deprived to the most
affluent areas) were highest for men aged 60–74 years and
have increased despite the decline in incidence rates at
these ages between 1990–92 and 2000–02. There were
modest decreases in inequalities in all other age groups.
Absolute inequalities were highest for women aged 75+
years and the decreases over time in all age groups were
small. We feel relative inequalities are more informative
here, especially when examining the younger age groups;
an absolute difference in AMI incidence at younger ages,
which may seem small in comparison to the older age
groups, may be of greater public health importance. IHD
is a highly preventable disease in the young, so reducing
the rates in the more deprived areas to a level similar to
that in the more affluent areas should be achievable and
is of primary importance.
Study limitations
One limitation of our study is that we only had an area
based measure of deprivation as opposed to individual
socioeconomic status. The Carstairs deprivation index is a
commonly used measure and has been validated against
individual socioeconomic status [47]; however, the popu-
lation size of the geographic area (postcode sector) for
which our deprivation index is derived may be influenc-
ing our estimation of the socioeconomic gradient. Esti-
mates of inequalities based on area deprivation have been
shown to be diluted when the geographical units are
large[48]. The smaller areas in this study, postcode sec-
tors, are still fairly large (mean population 5402) and
therefore are likely to be heterogenous. However, the
interpretation to be drawn from the analysis does not
relate to individual socioeconomic status but to the area
context. Previous work has shown the prevalence of cardi-
ovascular disease in Scotland to be related to area depriva-
tion (at the postcode sector level, based on the Carstairs
score) and not individual occupational social class [49]. It
is unfortunate that the routine data used in this study do
not permit adjustment for both individual and contextual
measures. Secondly, on admission to hospital, MI is nor-
mally diagnosed as non-ST-elevated (non-STEMI) or ST-
elevated (STEMI) and the treatment and prognosis differ
according to this diagnosis [50-52]. A further important
avenue of research would therefore be to investigate how
the trends in incidence of STEMI and non-STEMI contrib-
ute to the overall trends in MI incidence. Again, it is unfor-
tunate that our routine data do not enable a distinction
between STEMI and non-STEMI, and we therefore cannot
comment on whether trends and inequalities reflect
changes in one or the other. Moreover, we do not have
routinely collected data on IHD risk factors for this popu-
lation and therefore can only hypothesise as to why rates
are decreasing and inequalities persisting or increasing.
We can also only hypothesise about the contribution that
reductions and inequalities in AMI incidence are having
on the trends and patterns of AMI mortality in Scotland;BMC Public Health 2009, 9:134 http://www.biomedcentral.com/1471-2458/9/134
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further work incorporating case fatality from the disease is
needed to answer such questions.
Conlusion
IHD mortality has fallen in Scotland as in much of the
developed world [1]. However, the decreases have not
been experienced by all social groups; whilst the overall
mortality rate due to IHD fell by 61% among men under
65 between 1980–82 and 2000–02, and by 62% among
women of the same ages, rates for both in the most
deprived areas fell by just 37% [10]. Both the declines in
rates and the relative increases in inequality seem to be
driven by changes in incidence of AMI. Reducing AMI
incidence among the most disadvantaged populations is
therefore key to reducing overall inequalities in mortality
and to ensuring that the Scottish population can achieve
its health potential.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
CD is the corresponding author and guarantor of this
paper. CD formulated the research question, analysed and
interpreted the data and wrote the paper. AL initiated the
study and commented on the paper. RD helped with data
analysis and commented on the paper.
Acknowledgements
We thank the Information and Statistics Division of the NHS in Scotland for 
providing the data.
The Social and Public Health Sciences Unit is jointly funded by the Medical 
Research Council and the Chief Scientist Office (CSO) of the Scottish Gov-
ernment Health Directorates (wbs U.1300.00.001.).
References
1. Mackay J, Mensah G: The Atlas of Heart Disease and Stroke World
Health Organization; 2004. 
2. Information and Services Division Scotland: 2005 [http://www.isd
scotland.org/].
3. Hanlon P, Walsh D, Buchanan D, Redpath A, Bain M, Brewster D,
Cahalmers J, Muir R, Samlls M, Willis J, et al.: Chasing the Scottish
Effect: Why Scotland needs a step-change in health if it is to
catch up with the rest of Europe.  Public Health Institute of Scotland
2001.
4. Tunstall-Pedoe H, Kuulasmaa K, Mahonen M, Tolonen H, Ruokokoski
E, Amouyel P: Contribution of trends in survival and coronary-
event rates to changes in coronary heart disease mortality:
10-year results from 37 WHO MONICA Project popula-
tions.  Lancet 1999, 353(9164):1547-1557.
5. Labarthe DR: Epidemiology and prevention of Cardiovascular Diseases: A
Global Challenge Aspen Publishers, Maryland, US; 1998. 
6. NHS Scotland: Our National Health: A plan for action, a plan
for change.  2000.
7. Mackenbach JP, Bos V, Andersen O, Cardano M, Costa G, Harding S,
Reid A, Hemstrom O, Valkonen T, Kunst AE: Widening socioeco-
nomic inequalities in mortality in six Western European
countries.  International Journal of Epidemiology 2003, 32(5):830-837.
8. Capewell S, Livingston BM, MacIntyre K, Chalmers JWT, Boyd J, Fin-
layson A, Redpath A, Pell JP, Evans CJ, McMurray JJV: Trends in
case-fatality in 117 718 patients admitted with acute myo-
cardial infarction in Scotland.  European Heart Journal 2000,
21(22):1833-1840.
9. Macintyre K, Stewart S, Chalmers J, Pell C, Finlayson A, Boyd J, Red-
path A, McMurray J, Capewell S: Relation between socioeco-
nomic deprivation and death from a first myocardial
infarction in Scotland: population based analysis.  British Medi-
cal Journal 2001, 322(7295):1152-1153.
10. Leyland AH, Dundas R, McLoone P, Boddy FA: Inequalities in Mor-
tality in Scotland, 1981–2001.  Glasgow: MRC Social and Public
Health Sciences Unit; 2007. 
11. Capewell S, Kendrick S, Boyd J, Cohen G, Juszczak E, Clarke J: Meas-
uring outcomes: One month survival after acute myocardial
infarction in Scotland.  Heart 1996, 76(1):70-75.
12. Leyland AH, Boddy FA: League tables and acute myocardial inf-
arction.  Lancet 1998, 351(9102):555-558.
13. MacIntyre K, Stewart S, Capewell S, Chalmers JWT, Pell JP, Boyd J,
Finlayson A, Redpath A, Gilmour H, McMurray JJV: Gender and sur-
vival: A population-based study of 201,114 men and women
following a first acute myocardial infarction.  Journal of the
American College of Cardiology 2001, 38(3):729-735.
14. MacLeod MCM, Finlayson AR, Pell JP, Findlay IN: Geographic,
demographic, and socioeconomic variations in the investiga-
tion and management of coronary heart disease in Scotland.
Heart 1999, 81(3):252-256.
15. Kendrick S, Clarke J: The Scottish record linkage system.  Health
Bulletin 1993, 51:72-79.
16. NORDAMI collaboration group: Statistikdatabaser – The Swed-
ish AMI statistics.  2007 [http://192.137.163.40/EPCFS/
index.asp?kod=engelska].
17. McLoone P, Boddy FA: Deprivation and Mortality in Scotland,
1981 and 1991.  British Medical Journal 1994, 309(6967):1465-1470.
18. McLoone P: Carstairs scores for Scottish postcode sectors
from the 2001 Census.  Glasgow: MRC Social and Public Health
Sciences Unit; 2004. 
19. Carstairs V, Morris R: Deprivation and Health in Scotland.
Aberdeen: Aberdeen University Press; 1991. 
20. Rasbash J, Browne W, Healy M, Cameron B, Charlton C: MLwiN
v2.01.  London: Multilevel Models Project: Institute of Education;
2004. 
21. Langford IH, Day RD: Poisson Regression.  In Multilevel Modelling of
Health Statistics Edited by: Leyland AH, Goldstein H. Chicester: John
Wiley & Sons, Ltd; 2001:45-57. 
22. Chaix B, Rosvall M, Merlo J: Neighborhood socioeconomic dep-
rivation and residential instability – Effects on incidence of
ischemic heart disease and survival after myocardial inforc-
tion.  Epidemiology 2007, 18(1):104-111.
23. Roux AVD, Merkin SS, Arnett D, Chambless L, Massing M, Nieto FJ,
Sorlie P, Szklo M, Tyroler HA, Watson RL: Neighborhood of resi-
dence and incidence of coronary heart disease.  New England
Journal of Medicine 2001, 345(2):99-106.
24. Sundquist K, Malmstrom M, Johansson SE: Neighbourhood depri-
vation and incidence of coronary heart disease: a multilevel
study of 2.6 million women and men in Sweden.  Journal of Epi-
demiology and Community Health 2004, 58(1):71-77.
25. Sundquist K, Winkleby M, Ahlen H, Johansson SE: Neighborhood
socioeconomic environment and incidence of coronary
heart disease: A follow-up study of 25,319 women and men
in Sweden.  American Journal of Epidemiology 2004, 159(7):655-662.
26. Capewell S, MacIntyre K, Stewart S, Chalmers JW, Boyd J, Finlayson
A, Redpath A, Pell JP, McMurray JJ: Age, sex, and social trends in
out-of-hospital cardiac deaths in Scotland 1986–95: a retro-
spective cohort study.  Lancet 2001, 358(9289):1213-1217.
27. American Heart Association: Primary Prevention in the Adult.
2006 [http://www.americanheart.org/presenter.jhtml?identi
fier=4704].
28. Joint British Societies: JBS 2: Joint British Societies' guidelines
on prevention of cardiovascular disease in clinical practice.
Heart 2005, 91(Suppl 5):v1-v52.
29. Abildstrom SZ, Rasmussen S, Madsen M: Changes in hospitaliza-
tion rate and mortality after acute myocardial infarction in
Denmark after diagnostic criteria and methods changed.
European Heart Journal 2005, 26(10):990-995.
30. Scottish Executive: Coronary Heart Disease and Stroke in
Scotland.  2004.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Public Health 2009, 9:134 http://www.biomedcentral.com/1471-2458/9/134
Page 10 of 10
(page number not for citation purposes)
31. Leyland A, Dundas R, McLoone P, Boddy FA: Cause-specific ine-
qualities in mortality in Scotland: two decades of change. A
population-based study.  BMC Public Health 2007, 7(1):172.
32. Vaccarino V, Parsons L, Every NR, Barron HV, Krumholz HM, Natl
Registry Myocardial Infarction P: Sex-based differences in early
mortality after myocardial infarction.  New England Journal of
Medicine 1999, 341(4):217-225.
33. Rosengren A, Spetz CL, Koster M, Hammar N, Alfredsson L, Rosen
M: Sex differences in survival after myocardial infarction in
Sweden – Data from the Swedish National Acute Myocardial
Infarction Register.  European Heart Journal 2001, 22(4):314-322.
34. Peltonen M, Lundberg V, Huhtasaari F, Asplund K: Marked
improvement in survival after acute myocardial infarction in
middle-aged men but not in women. The Northern Sweden
MONICA study 1985–94.  Journal of Internal Medicine 2000,
247(5):579-587.
35. Chambless L, Keil U, Dobson A, Mahonen M, Kuulasmaa K, Rajakan-
gas AM, Lowel H, TunstallPedoe H: Population versus clinical
view of case fatality from acute coronary heart disease –
Results from the WHO MONICA Project 1985–1990.  Circula-
tion 1997, 96(11):3849-3859.
36. Scottish Executive: The Scottish Health Survey 2003.  2005.
37. Scottish Executive: A breath of fresh air for Scotland; improv-
ing Scotland Health: the challenge tobacco control action
plan.  2004.
38. Scottish Executive: Scottish Household Survey, 2001–2002.
2003.
39. The Scottish Office Department of Health: The Scottish Health
Survey 1995.  1997.
40. Capewell S, Morrison CE, McMurray JJ: Contribution of modern
cardiovascular treatment and risk factor changes to the
decline in coronary heart disease mortality in Scotland
between 1975 and 1994.  Heart 1999, 81(4):380-386.
41. Lyratzopoulos G, Heller RF, Hanily M, Lewis PS: Deprivation status
and mid-term change in blood pressure, total cholesterol
and smoking status in middle life: a cohort study.  European
Journal of Cardiovascular Prevention & Rehabilitation 2007,
14(6):844-850.
42. Lyratzopoulos G, Heller RF, McElduff P, Hanily M, Lewis P: Depriva-
tion and trends in blood pressure, cholesterol, body mass
index and smoking among participants of a UK primary care-
based cardiovascular risk factor screening programme: both
narrowing and widening in cardiovascular risk factor inequal-
ities.  Heart 2006, 92(9):1198-1206.
43. Harper RW, Kennedy G, Desanctis RW, Hutter AM: Incidence and
Pattern of Angina Prior to Acute Myocardial-Infarction –
Study of 577 Cases.  American Heart Journal 1979, 97(2):178-183.
44. Murphy NF, Simpson CR, MacIntyre K, McAlister FA, Chalmers J,
McMurray JJV: Prevalence, incidence, primary care burden and
medical treatment of angina in Scotland: age, sex and socio-
economic disparities: a population-based study.  Heart 2006,
92(8):1047-1054.
45. Khang YH, Yun SC, Lynch JW: Monitoring trends in socioeco-
nomic health inequalities: it matters how you measure.  BMC
Public Health 2008, 8:66.
46. Rosvall M, Engström G, Berglund G, Hedblad B: C-reactive protein,
established risk factors and social inequalities in cardiovascu-
lar disease – the significance of absolute versus relative
measures of disease.  BMC Public Health 2008, 8:189.
47. Woodward M: Small area statistics as markers for personal
social status in the Scottish heart health study.  Journal of Epi-
demiology and Community Health 1996, 50(5):570-576.
48. Woods LM, Rachet B, Coleman MP: Choice of geographic unit
influences socioeconomic inequalities in breast cancer sur-
vival.  British Journal of Cancer 2005, 92(7):1279-1282.
49. Leyland AH: Socioeconomic gradients in the prevalence of
cardiovascular disease in Scotland: the roles of composition
and context.  Journal of Epidemiology and Community Health 2005,
59(9):799-803.
50. Terkelsen CJ, Lassen JF, Norgaard BL, Gerdes JC, Jensen T, Gotzsche
LB, Nielsen TT, Andersen HR: Mortality rates in patients with
ST-elevation vs. non-ST-elevation acute myocardial infarc-
tion: observations from an unselected cohort.  European Heart
Journal 2005, 26(1):18-26.
51. Werf F Van de, Ardissino D, Betriu A, Cokkinos DV, Falk E, Fox KAA,
Julian D, Lengyel M, Neumann FJ, Ruzyllo W, et al.: Management of
acute myocardial infarction in patients presenting with ST-
segment elevation.  European Heart Journal 2003, 24(1):28-66.
52. Braunwald E, Antman EM, Beasley JW, Califf RM, Cheitlin MD, Hoch-
man JS, Jones RH, Kereiakes D, Kupersmith J, Levin TN, et al.: ACC/
AHA guideline update for the management of patients with
unstable angina and non-ST-segment elevation myocardial
infarction-2002: Summary article – A report of the Ameri-
can College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Committee on the Manage-
ment of Patients With Unstable Angina).  Circulation 2002,
106(14):1893-1900.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2458/9/134/pre
pub